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(54) SOLID ELECTROLYTE 

(57)Abstract: 

PURPOSE: To provide a solid electrolyte wherein an 
effective reaction area is increased while holding good 
diffusing power of gas and further a rise of oxygen pressure 
in closed space at the time of electrolytic operation can be 
relaxed. 

CONSTITUTION: In a solid electrolyte formed by using it in a 
high temperature type steam electrolytic or high temperature 
type fuel cell by arranging positive and negative electrodes in 
both surfaces, a conductive thin film layer 102 is provided in 
a surface of a solid electrolyte main unit 1 01 in a side of the 
positive electrode. The electrolyte is formed by providing the 
porous positive electrode 103 in a surface of this thin film 
layer 102 and by arranging the negative electrode 104 in the 
other side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A solid electrolyte which a conductive thin film layer is provided in the surface of a main 
part of a solid electrolyte by the side of the above-mentioned anode, and provides a porosity anode 
in the surface of the thin film layer concerned in a solid electrolyte which arranges an anode and a 
negative electrode on both sides, and is used for high temperature form water vapor electrolysis or a 
high temperature form fuel cell, and is characterized by things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention is used for water vapor electrolysis and a solid electrolyte fuel 
cell (SOFC:Solid Oxide Fuel Cell), or an oxygen sensor of a high temperature form etc. which uses a 
solid electrolyte, and relates to a suitable solid electrolyte. 
[0002] 

[Description of the Prior Art]It divides roughly into a high temperature form water-vapor-electrolysis 
cell, there are a monotonous type and cylindrical in it, and monotonous type the composition and its 
principle figure of water vapor electrolysis of these are shown in drawing, 6 and drawing 8. The 
zirconia (YSZ:YttriaStabilized Zirconia) stabilized by yttria is used for the solid electrolyte 1 1 
currently used here. This YSZ has the character which penetrates only oxygen ion (O 2- ) selectively, 
it is shown in drawing 6 — as — negative (cathode) — very — 12 sides — a steam (H 2 0) — right 

(anode) — only oxygen ion (0 2 ~) moves in the inside of the solid electrolyte 1 1 by supplying oxygen 
(0 2 ) to 13 sides respectively very much, and sending current from external DC power supply 14. 

[0003]As shown in drawing . 8, the steam (HgO) supplied to the negative-electrode 1 2 side oxygen ion 
(O 2- ) Therefore, a **** crack, By becoming only hydrogen (H 2 ), on the other hand, the oxygen ion 

(O 2- ) which moved in the inside of the solid electrolyte 1 1 emits electrons (e ~ ) with the anode 13, 
and serves as oxygen gas (0 2 ). Thus, YSZ can be used for the solid electrolyte 1 1, a steam (H 2 0) 
can be disassembled into oxygen gas (0 2 ) and hydrogen gas (H 2 ) (electrolysis), and hydrogen (H 2 ) can 
be obtained by electrolysis. 

[0004]Next, an example of a solid polymer electrolyte fuel cell which has the same cellular structure 
is shown in drawing 9. As shown in the figure, the polymers ion-exchange membrane (for example, 
fluoro-resin system ion-exchange membrane with a sulfonic group) of a fluoro-resin system is used 
as the solid polymer electrolyte 21, carrying out this in the center — both sides — negative 
(cathode) — very — 22 — and — right (anode) — 23 is made to adhere very much and hydrogen 
(H 2 ) and oxygen (0 2 ) are supplied to each electrodes 22 and 23. Here, as hydrogen (H 2 ) in the fuel 
supplied to the anode 23 side is shown in drawing 9, it is hydrogen-ion-ized on the anode 23, and a 
hydrogen ion (H + ) moves the inside of the electrolyte 21 to the negative-electrode 22 side as the 
basis of an intervention of water, and H + andxH 2 0. It reacts to the electron (e ~ ) which has circulated 
oxygen (0 2 ) and the external circuit 24 in an oxidizer on the negative electrode 22, water (H 2 0) is 

generated, and it is discharged out of a fuel cell. At this time, the flow of the electron (e ~ ) which 

circulated can use the external circuit 24 as electrical energy of a direct current. 

[0005] 

[Problem(s) to be Solved by the Invention]Although water vapor electrolysis and fuel cell operation 
are performed by the composition mentioned above, the place where an electrode reaction occurs at 
this time will be limited to the three-phase zone 15 which the solid electrolyte 1 1, the anode 13, and 
oxygen gas (0 2 ) touch, as shown in drawing 7 , if water vapor electrolysis is taken for an example. As 
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a result, in order to raise electrode performance, it is necessary to produce an electrode densely. 
However, when an electrode is produced densely, gas diffusion ability worsens, as a result electrode 
performance gets worse and it becomes an opposite effect. 

[0006]When performing water-vapor-electrolysis operation, it energizes compulsorily, but when a 
closed space exists in a solid electrolyte / anode interface at this time, the oxygen pressure in that 
closed space increases unusually, and there is a problem that an electrode exfoliates. For example, 
when there was a closed space by using La x Sr 1 _ x Mn0 3 as an anode and 600mAcm 2 was energized, 
there was a problem of separating within 1 hour. 

[0007]An object of this invention is to provide the solid electrolyte which increases an effective 
reaction surface product and can ease the rise of the oxygen pressure in a closed space at the time 
of electrolysis operation, etc., holding good gas diffusion ability in view of the situation described 
above. 
[0008] 

[Means for Solving the Problem]Composition of a solid electrolyte concerning this invention which 
attains said purpose, An anode and a negative electrode are arranged on both sides, in a solid 
electrolyte used for high temperature form water vapor electrolysis or a high temperature form fuel 
cell, a conductive thin film layer is provided in the surface of a main part of a solid electrolyte by the 
side of the above-mentioned anode, and a porosity anode is provided in the surface of the thin film 
layer concerned. 

[0009] Hereafter, the contents of this invention are explained. 

[00 10] An outline which used a solid electrolyte concerning this invention for monotonous type 
elevated-temperature electrolysis is shown in drawing 1. As shown in the figure, the main part 101 of 
an electrolyte consists of YSZ(s) (Yttria Stabilized Zirconia) as usual, The conductive thin film layer 
102 is formed in the surface which becomes that anode side, and the porosity anode (LaSrMr0 3 
system) 103 is formed via this conductive thin film layer 102. The negative electrode (NiO/YSZ) 104 
of the same composition as usual is arranged on the other side of the main part 101 of an electrolyte. 

[001 1]Here, in the above-mentioned conductive thin film layer (henceforth "the thin film layer 102") 
102, a thin boundary layer which has hole conductivity and oxygen ion conductivity is said, and what 
causes an electrode reaction shown below "** \ " according to an interface of this thin film layer 102 
and gaseous phase is said. As a material which forms this thin film layer 102, Mn system oxide, 
LaMr0 3 , MnO(l_a, Ca) 3 , MnO(La, Sr) 3 , etc. can be mentioned, and that thickness is 0.1 micrometer - 
5 micrometers. 
[0012] 

[Formula 1]20 2- +4h + ->0 2 ** — (1) 

[0013]That is, as shown in drawing 2, in the interface of the anode 103 and the thin film layer 102, a 
hole (h + ) generates to the thin film layer 102 side concerned, and this hole (h + ) diffuses the inside of 
the thin film layer 102, and is supplied to the reaction of the above-mentioned (1) formula. 
[0014]On the other hand, since an electric potential gradient will be formed into the thin film layer 
102 of that hole conduction nature if the oxygen pressure in this closed space increases when there 
is a closed space as shown in dra wing 3, in the closed space 104 concerned, the reaction shown in 
the "** 2" which is a backward reaction of the above-mentioned (1) formula advances, and, as a 
result, the rise of internal pressure is eased. 
[0015] 

[Formula 2]0 2 ->20 2 "+4h + — (2) 

[0016]Therefore, in this invention, form the conductive thin film layer 102 as a boundary layer which 
has hole conductivity and oxygen ion conductivity in the surface of the main part 101 of a solid 
electrolyte which touches an anode, and. Since the porous electrode 103 which has electron 
conductivity and gas permeation nature via this thin film layer 102 was formed, The charge transfer 
reaction shown above "** 1" can continue and start on all the surfaces of the main part 101 of a 
solid electrolyte, and the oxygen pressure rise in an anode closed space can be eased at the time of 
water-vapor-electrolysis operation. 

[001 7]<Example of an examination> An example of an examination which shows an effect of this 
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invention below is explained with reference to drawings (graph). 

[001 8] A "current-potential curve" in an anode at the time of supplying a steam to drawing 4 at 
temperature of 1000 ** at a negative electrode, and performing water vapor electrolysis is shown. As 
shown in the figure, when current density (horizontal axis) is increased, anode potential shows a 
tendency for the powerless more conventional cell to just become large. That is, compared with YSZ 
interface Pt electrode which is not processed [ which was shown by ** / conventional ], in an 
example of an exam shown by -O which provided a thin film layer, change of potential was small and 
it checked that there was little voltage for obtaining fixed current density, and it ended. 
[001 9]It examined also about the stability of potential which an anode at the time of carrying out 
anode energization of 600mAcm~ 2 to an anode shows. This result is shown in dra wing 5 . It checked 
that performance of YSZ interface Pt electrode which is not processed [ which is shown by ** as 
shown in the figure / conventional ] was stabilized, and was operating from for 130 hours or more 
with low voltage to a gradually worsening tendency being shown in an example of an exam shown by - 
O which provided a thin film layer. 
[0020] 

[Example]Hereafter, one suitable example of the solid electrolyte concerning this invention is 
described. 

[0021]It explains taking the case of the solid electrolyte used for a high temperature form water- 
vapor-electrolysis device in this example. The main part 101 of a solid electrolyte is made into the 
yttrium-stabilized zirconia (YSZ) stable by 8-mol% of yttria here, Alcohol and a surface-active agent 
were added and slurred to a 0.5-micrometer particle, and after carrying and carrying out natural 
seasoning of this slurry on a Teflon sheet, it calcinated in the air at 1400 ** for 1 hour. This obtained 
stabilized zirconia board is a 25 mmphi disk, and thickness is 500 micrometers. La y Sr 1 _ x Mn0 3 (LSM) 
slurred on the surface of this main part 101 of a solid electrolyte was thinly applied to one field of a 
disk by 10 mmphi, and it calcinated at 1300 **. After dropping this calcinated LSM on emery paper 
and washing by ethanol, liquefied Pt paste was thinly applied to that surface, and it calcinated at 1 100 
** for 1 hour, and was considered as the anode. 

[0022]It checked that Mn etc. had diffused this obtained solid electrolyte in the anode / YSZ 

interface by XPS (X linear-light electronic-spectroscopic-analysis device). 

[0023] 

[Effect of the Invention]As mentioned above, as stated with the example of an examination, and the 
example, since the solid electrolyte concerning this invention provided the conductive thin film layer 
in the surface of the main part of a solid electrolyte, it continues throughout the and the reaction of 
it is attained. Even if the internal pressure in a closed space at the time of water vapor electrolysis 
rises, an electric potential gradient is formed in a conductive thin film layer, the relaxation effect is 
revealed, there is no exfoliation of an electrode like before, a long time can be covered, and a stable 
operation can be carried out with low voltage. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is a schematic diagram of the solid oxide type water-vapor-electrolysis device 
concerning this example. 

[Drawing 2] It is an outline figure of a reaction [ / near the anode of drawing 1 ]. 

[Drawing 3]It is an outline figure of the oxygen rise relaxation reaction in a closed space at the time 

of water vapor electrolysis. 

[Drawing 4]It is a performance comparison figure in the water vapor electrolysis of this invention and 
a conventional example. 

[Drawing 5]It is an operation stability comparison figure in the water vapor electrolysis of this 
invention and a conventional example. 

[Drawing 6]It is a schematic diagram showing the principle of the conventional solid oxide type water- 
vapor-electrolysis device. 

[Drawing 7]It is an outline figure of a reaction [ / near the anode of drawing 6 ]. 
[Drawing 8]lt is a principle figure of water vapor electrolysis. 
[Drawing 9]It is a principle figure of a fuel cell. 
[Description of Notations] 

101 The main part of a solid electrolyte 

102 Conductive thin film layer 

103 Porosity anode 

104 Negative electrode 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipdl.i... 2008/11/04 



JP,07-045290,A [DRAWINGS] 



2/3 s<— V 




1000 
i/mAcm" 2 



[Drawing 6] 
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[Drawing 5] 
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[Drawing 8] 
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